INTRODUCTION
The Fast Flux Test F a c i l i t y ' s h e a t t r a n s p o r t system response t o normal shutdown and t o upset c o n d i t i o n s i s s e n s i t i v e t o the dynamic c h a r a c t e r i s t i c s o f t h e check valves placed i n each o f t h e primary loops.
Of importance, f o r example, a r e t h e check-valve c l o s i n g c y c l e and primary l o o p response which f o l l o w s : (1 ) t h e i n t e r r u p t i o n o f power t o one o r more of t h e primary pumps, ( 2 ) t h e s e i z u r e o f one pump, and ( 3 ) t h e r u p t u r e o f a primary loop.
A n a l y t i c a l models o f p i v o t i n g -d i s k t y p e check valves have been devel oped ( 1 ) ( 2 ) ( 3 ' , b u t none o f these c o u l d be a p p l i e d d i r e c t l y t o t h e FFTF. The purpose o f t h i s work was t o develop an a n a l y t i c a l model f o r dynamic s i r r~u l a t i o n o f t h e FFTF's primary loop check valves and t o i n c o rp o r a t e t h i s a n a l y t i c a l model i n t o t h e o v e r a l l model o f t h e heat t r a n s p o r t sys tem .
A mathematical model which represents t h e t r a n s i e n t c h a r a c t e r i s t i c s o f a t i l t i n g -d i s k check v a l v e has been programmed f o r use on t h e d i g i t a l computer using ~~n a s~a r '~) . The b a s i c check v a l ve model was developed by E. B. Pool, and i t i s discussed i n ASME Papers 6 2 -~~-2 1 9 ( ' ) and 6 2 -~~-2 2 0 (~) .
The model considers moments a c t i n g on t h e v a l v e d i s k which a r e caused b y p i v o t -p i n f r i c t i o n , valve-disk weight, t o r s i o n a l springs, and f l u i d pressure. For FFTF a n a l y s i s , a damping moment has been added t o
The check v a l v e program has been added t o another program which represents t h e FFTF primary heat t r a n s p o r t system. The two combined programs couple t h e e f f e c t s o f h e a t t r a n s p o r t system f l o w t r a n s i e n t s and check v a l v e c h a r a c t e r i s t i c s . T h i s d i s c u s s i o n presents t h e development o f t h e dashpot term, shows t y p i c a l system a n a l y s i s r e s u l t s t h a t can be obtained w i t h t h e combined heat t r a n s p o r t system check v a l v e programs, and describes t h e method used t o c a l c u l a t e check valve pressure l o s s . 
i m i t f o r t h e v a l v e d i s k angle because a d i s c o n t i n u i t y occurs a t t h e p o i r t where t h e v a l v e angle i s zero. L o g i c has been developed t o s t o p t h e s o l u t i o n o f Equation ( 1 ) when an a r b i t r a r y minimum angle i s reached.
A t t h e a r b i t r a r y minimum angle, t h e v a l v e i s assumed t o be closed, and t h e --1-72; : -' 7 \ + i -2 t~ S S s e t equal t o zero. The minimum v a l v e d i s k angle i s an i n p u t q u a n t i t y , and i t can be s e l e c t e d t o be any d e s i r e d value.
Steady-state as w e l l as t r a n s i e n t c o n d i t i o n s can e x i s t where t h e v a l v e d i s k has reached f u l l open p o s i t i o n . A t t h e i n s t a n t t h e mass f l o w r a t e exceeds t h e mass f l o w r a t e r e q u i r e d t o h o l d t h e v a l v e d i s k a t t h e f u l l open p o s i t i o n , t h e s o l u t i o n o f Equation ( 1 ) i s stopped. The upper l i m i t f o r t h e v a l v e d i s k angle i s predetermined by t h e v a l v e design, and i t i s a known q u a n t i t y f o r any g i v e n value. The v e l o c i t y o r mass f l o w r a t e which corresponds t o t h e maximum v a l v e d i s k angle can be c a l c u l a t e d from t h e s t e a d y -s t a t e form o f t h e check v a l v e e q u a t i o n which i s Equation ( 2 ) .

The dashpot can be s e t t o engage a t any d e s i r e d v a l v e d i s k angle,
and once engaged t h e damping n o r m a l l y continues throughout t h e remainder o f t h e c l o s i n g t r a n s i e n t . The angle a t which t h e dashpot engages i s an i n p u t q u a n t i t y and r e q u i r e s s p e c i f i c a t i o n i n t h e program i n p u t data.
The damping moment which was added t o P o o l ' s check v a l v e e q u a t i o n i s T h i s term was developed w i t h t h e a i d o f F i g u r e 3, t h e concept o f conserv a t i s m o f mass, and t h e f o l l o w i n g assumptions. I t i s assumed t h a t t h e f l u i d d e n s i t y i s a f u n c t i o n o f temperature o n l y . As t h e p i s t o n moves from l e f t t o r i g h t , a q u a n t i t y mass ahead o f t h e p i s t o n i s d i s p l a c e d . A t any
i n s t a n t t h e same 
zero a t t h e i n s t a n t t h e dashpot i s engaged because t h e v a l v e d i s k angular v e l o c i t y i s n o t zero a t t h i s i n s t a n t . To circumv e n t t h i s problem, an average mass f l o w r a t e , W, i s used t o r e p r e s e n t t h e mass f l o w r a t e through t h e dashpot o r i f i c e u n t i 1 t h e c o n d i t i o n i
The c o n t a c t angle between t h e v a l v e d i s k and t h e arm attached t o t h e .
T dashpot p i s t o n i s n o t always ?, and t h e p i s t o n v e l o c i t y must be c o r r e c t e d t o account f o r t h e s i t u a t i o n . The c o r r e c t i o n term i s s i n [t -( e -a)] where e i s t h e angle t h e valve d i s k makes w i t h t h e plane normal t o t h e f l o w d i r e c t i o n , and a i s one h a l f t h e v a l v e d i s k angle a t t h e time t h e v a l v e d i s k engages t h e dashpot arm. This choice f o r a keeps t h e c o n t a c t angle between t h e dashpot arm and t h e v a l v e d i s k reasonably c l o s e t o ;
throughout t h e damped p o r t i o n o f t h e c l o s i n g t r a n s i e n t .
The t h r e e terms w i t h i n t h e brackets i n Equation ( 1 ) t h a t form t h e f l u i d moment expression can be p o s i t i v e o r n e g a t i v e depending upon t h e s i g n o f t h e f l u i d v e l o c i t y . During a t r a n s i e n t wherein the f l o w reverses, t h e f l u i d moment changes from a negative opening moment t o a p o s i t i v e c l o s i n g moment. The f l u i d moment term contains two dimensionless q u a n t i t i e s , Kf and
Kd, which a r e determined by experiment. These c o e f f i c i e n t s a r e p l o t t e d i n
Figure 1 i n Reference 5. The c o e f f i c i e n t s a r e i n dimensionless form and apply t o any s i z e t i l t i n g -d i s k check valve w i t h a b u l b type body. I t i s o f i n t e r e s t t o note t h a t t h e c o e f f i c i e n t s Kf and Kd l i m i t t h e check v a l v e model a p p l i c a t i o n . The check v a l v e model a p p l i e s t o both t i l t i n g d i s k and swing check valves, b u t each change i n i n t e r n a l v a l v e body geometry, valve d i s k shape, o r v a l v e d i s k weight d i s t r i b u t i o n r e q u i r e s a d i f f e r e n t s e t o f
Kf and Kd valves. F i g u r e 5 shows t h a t t h e v a l v e c l o s i n g t i m e can be s u b s t a n t i a l l y i ncreased by i n c r e a s i n g t h e dashpot s t i f f n e s s f o r a 0.3 f t 2 p i p e r u p t u r e w h i l e t h e same t o r s i o n a l s p r i n g constant i s used i n each case. T h i s should n o t be i n t e r p r e t e d as t h e r e q u i r e d c l o s i n g t i m e i n a l l cases, s i n c e i t i s
Other constants i n t h e f l u i d term, B, C, F, and G, depend upon t h e f l u i d d e n s i t y and t h e v a l v e d i s k geometry. These constants can be e v a luated w i t h t h e use o f F i
I n Regime 11, t h e f l o w i s s t i l l i n t h e forward d i r e c t i o n , and t h e v a l v e d i s k i s a t t h e f u l l open p o s i t i o n . The check v a l v e pressure l o s s i s obtained from F i g u r e 4 e i t h e r a t P o i n t 1 o r t h e p o r t i o n o f t h e curve above P o i n t 1 depending upon t h e f l o w index value. I t should be noted t h a t t h e f l o w may be decreasing i n t h e forward d i r e c t i o n and s t i
reasonable t o expect t h a t t h e f l u i d f o r c e s c l o s i n g t h e check v a l v e w i l l increase as t h e break s i z e increases.
The analysis shown i n Figure 6 i n d i c a t e s t h a t w i t h a dashpot s t i f fness index o f 100, a l a r g e v a r i a t i o n i n t o r s i o n a l s p r i n g constant produced very l i t t l e change i n valve c l o s i n g time. I t i s expected t h a t the t o rs i o n a l s p r i n g w i l l have a l a r g e r i n f l u e n c e on valve c l o s i n g time when t h e dashpot s t i f f n e s s index i s close t o zero o r when damping i s n o t used. Nuclear Systems Programs DH Ahmann ( 2 ) 
